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The effect of changes in macronutrients in nutrient solution and selenium
foliar application on growth and mineral element absorptionin kale

(Brassicawoleracea var. Sabellica)

Abstract

Kale (Brassica oleracea var. Sabellica)qs one of the important vegetables with high commercial value due to its short growth
period, various uses, and favorakle metabolic and nutritional characteristics. Therefore, proper nutrition for this vegetable and
improving its grewth is very,impartant in greenhouse cultivation. In the present study, the effect of different nutrient solutions
and different levelsiof seleniumifoliar application on the growth and absorption of mineral elements of kale was studied. The
experiment was carried outqia factorial based on a completely randomized design with three replications. The first factor
included three different nutrient solutions, where nutrient solution number one was generally more dilute than the other two
solutions, @ndynutrientfsolution number two had a lower concentration of nitrogen, calcium, and potassium compared to
nutrient solution number three. The second factor included four selenium levels (0, 5, 10, and 15 mg/L sodium selenate). The
results showed, that the effect of nutrient solution and selenium foliar application on the studied traits was significant. The
highest percentage of total leaf dry matter (16.65%), fresh stem weight (47.43 g), dry stem percentage (18.61%), and stem
length (19.75 cm) were obtained in plants grown in nutrient solution number three (with higher calcium and nitrate than
solutions one and two) and foliar application of 10 mg/L selenium. The results also showed that the highest total fresh leaf
weight was observed under nutrient solution number three (383.63 g) and 10 mg/L selenium treatment (375.61 g). In terms of
the amount of tissue mineral elements, the highest amounts of nitrogen, phosphorus, potassium, and calcium were obtained in
plants grown in nutrient solution number three and 10 mg/L selenium. The results showed that selenium had a positive role in
reducing nitrate, and the lowest amount of nitrate (0.4 mg/g fresh weight) was obtained under foliar application of 10 mg/L.
In addition, the highest amount of tissue selenium (63.33 pg/g dry weight) was also obtained in nutrient solution number three
and selenium foliar application of 15 mg/L. Overall, the results indicate that the highest growth and nutrient uptake were
observed in kale plants grown in nutrient solution number three and foliar application of 10 mg/L selenium.

Extended Abstract

Introduction

Kale, also known as Chinese broccoli, is a vegetable rich in vitamins C, A, B1, B2, B6, and E. Additionally, it contains dietary
fiber, micronutrients such as iron, zinc, and manganese, as well as macronutrients like calcium and magnesium. Studies have
demonstrated that the phenolic compounds found in fresh kale positively contribute to the prevention of chronic cardiovascular
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diseases. Furthermore, incorporating kale into various dishes enhances both their flavor and visual appeal. As a result, products
enriched with kale stand out among other vegetables in the same family. Research underscores the importance of increasing
the consumption of these vegetables in the human diet. Selenium is an essential micronutrient for human health, necessary for
the proper functioning of various physiological and metabolic processes, including thyroid hormone metabolism, immune
system function, and antioxidant defense. Research indicates that only 5-20% of selenium fertilizers are absorbed by plants,
while the remainder remains insoluble in the soil, rendering it inaccessible to them. This raises concerns about potential
pollution resulting from the application of selenium fertilizers. Since selenium cannot be added directly to food, the selenium
content in plants can be increased through several methods, such as incorporating selenium into the soil, soaking seeds in a
selenium solution before planting, utilizing hydroponic and aeroponic systems, and applying it via foliar methods. The quest
for new food sources rich in this element presents a significant scientific challenge. Producing selenium-enriched foods,
particularly vegetables and plant sprouts, could be a valuable strategy to address this issue, offering a preventive effect against
diseases associated with selenium deficiency.

Materials and Methods

In order to investigate the effects of three nutrient solutions and selenium foliar application on the quantitative yield and
mineral element absorption of kale plants, a factorial experiment was conducted based on completelysrandomized design with
three replications. This study took place in a vegetable research greenhouse with a glass cover, part ofithe Herticultural Science
and Landscape Engineering Department at the University of Tehran, located in Karaj City. The treatments examined included
three types of nutrient solutions and four levels of selenium foliar applicatian (0, 5, 10, and 15'mg/L of sodium selenate). The
measured traits included the fresh and dry weight of leaves, the number of leaves, the fresh and dry weight of the stem, the
length and diameter of the stem, and the concentrations of nitrogen, nitrate, phosphorus, caleiunfypotassium, and selenium in
the tissue of the kale plant.

Results and Discussion

Our results demonstrated that the effects of nutrient solution 'and selenium foliardapplication on the examined traits were
significant. The highest fresh and dry weights of the leaves, the number of leaves, the fresh and dry weights of the stem, as
well as the length and diameter of the stem, were observed,in the plants grown in nutrient solution number three and treated
with 10 mg/L of selenium. Regarding the mineral contentyof the tissuefthe highest concentrations of nitrogen, nitrate,
phosphorus, potassium, and calcium were found in the plantsygrown/in nutrient solution number three with 10 mg/L of
selenium. Additionally, the highest tissue selenium concentration Was'fecorded in nutrient solution number two at a level of
15 mg/L of selenium. Overall, our findings indicated that nutrient solution number three, which contained higher levels of
calcium and nitrate compared to nutrient solutions one and two, aleng with the application of 10 mg/L of selenium, resulted
in the greatest morphological traits and element absorption in kale. Plant biofortification methods provide swift solutions to
address micronutrient deficiencies in populations with insufficient dietary intake. The findings of this study can inform the
development of new enriched products, such as ready=made salads and juices. Furthermore, additional research is necessary
to explore the bioavailabilitytand biofortificatian effects of selenium on the quantitative and qualitative characteristics of
various vegetables and summer crops.

Conclusion

Our results indicated thatthe maximuma number of morphological traits and mineral elements in kale plants was achieved
when grown in nutritional solution number three. In this solution, the levels of nitrate and calcium were higher compared to
nutritional solutions one and two. Additionally, the application of selenium via foliar spray enhanced the morphological
characteristics andelement absorption in kale. The most effective concentration of selenium for improving the studied traits
was found to be 10 mg/le \
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